Introduction {#sec0001}
============

The 2019 coronavirus disease (COVID-19), caused by severe acute respiratory syndrome coronavirus SARS-CoV-2, is a public health emergency with serious adverse implications for populations, healthcare systems, and economies globally. Systematic reviews of ethnically homogenous cohorts from China suggest that the key risk factors for hospital admission include age, male sex, and comorbidities such as cardiovascular disease, hypertension, and diabetes.[@bib0001] Governments have been warning vulnerable adults at high risk to be particularly stringent in observing social distancing measures.[@bib0002]

Recently, concerns have been raised about possible association between ethnicity, incidence and outcomes of COVID-19 following observational data released from the Intensive Care National Audit and Research Centre, published on 10 April 2020.[@bib0003] The data showed that of 3883 patients with confirmed COVID-19, 14% (486) were Asian and 12% (402) were Black. This is double the 13% ethnic minority population of the UK at the time of the last census in 2011.[@bib0004] Moreover, of 2249 patients admitted to 201 critical care units in England, 64.8% were White, 13.8% were Asian, 13.6% were Black, and 7.8% were from other or mixed ethnic groups.[@bib0003] The UK is the first country in the COVID-19 pandemic with an ethnically diverse population and universal healthcare.

In this review, we will explore the possible association between ethnicity, incidence and outcomes of COVID-19 using both recent COVID-19 studies and studies of previous pandemics. The higher incidence and severity in ethnic minority groups may be associated with socioeconomic, cultural, or lifestyle factors, genetic predisposition, or pathophysiological differences in susceptibility or response to infection.

Biological factors {#sec0002}
==================

Ethnic disparities in lung function {#sec0003}
-----------------------------------

Multiple studies have investigated the disparities of lung function in different ethnic groups and showed an association between those of minority ethnic descent and lower lung function, compared to their Caucasian counterparts.[@bib0005], [@bib0006], [@bib0007], [@bib0008] The systematic review by Braun et al. noted that the definition of race/ethnicities were lacking in most studies, and a proportion did not include socio-economic circumstances.[@bib0009] It was suggested that past research should be analysed and to attempt to view the definitions of race from a less Anglo-American point of view, which highlights the need for this correlation to be further addressed.

Genetic polymorphisms {#sec0004}
---------------------

The angiotensin-coverting enzyme-2 (ACE2) receptor serves as an entry point for SARS-CoV-2.[@bib0010] Previous studies have shown that higher expressions of ACE2 receptor increases susceptibility to SARS-CoV in vitro.[@bib0011] ^,^ [@bib0012] Cao et al. systematically analysed coding-region variants in ACE2 and expression quantitative trait loci (eQTLs).[@bib0013] It was found that East Asians populations have higher allele frequencies of eQTL variants associated with a higher expressions of ACE2 levels compared to Caucasians.

While there is limited research available on ACE2 gene polymorphisms and its effect on COVID-19's outcome, a study conducted by Chiu et al. on SARS-CoV does not support an association between its genetic variants and disease outcome.[@bib0014] No significant difference was observed in the allele distributions between female and male controls, between SARS cases and controls, between SARS cases with poor outcomes and controls, between the male SARS patients with poor outcome and the male controls and between the female SARS patients and female controls. However, as both viruses share ACE2 receptor as their entry point, it should be explored to see if the same stands true for COVID-19 as well.

A possible association between Glucose-6-phosphate dehydrogenase (G6PD) deficiency and COVID-19 has recently been recently suggested.[@bib0015] G6PD deficiency has a high prevalence in persons of African, Asian, and Mediterranean descent.[@bib0016] Accumulating evidence suggests that G6PD deficiency may increase viral replication and susceptibility to viral infections due to its cellular redox state.[@bib0017] In a study conducted on Human Coronavirus HCoV 229E, it was found that antioxidant treatment may protect against viral infection. Oxidative stress increases susceptibility to viral infections and successfully shown that it can be attenuated by pre-treating these deficient cells with lipoic acid (antioxidant).[@bib0017] Considering that it is the most common enzymatic deficiency worldwide and in light of COVID-19, this provides a strong rationale for future studies.

Pathophysiological factors {#sec0005}
--------------------------

The observed disproportionate impact of COVID-19 on ethnic minorities maybe due to BCG vaccination policy in their country of birth and immune effects. It has been shown that countries with a BCG vaccination policy has a reduced morbidity and mortality rate for COVID-19 due to its non-specific immunity.[@bib0018] It has been found that middle to high-income countries with a universal BCG policy have a lower mortality rate (0.78/million) of COVID-19 compared to those with the same income but without a BCG policy (16.39/million).[@bib0018] Moreover, within countries that had a universal BCG policy, those with a more established policy have lower mortality rates.[@bib0018]

However, such data is observational and may have confounding factors, such as limited testing and reporting in many countries, difference in government policies regarding safety precautions etc. It may be the case that BCG may not be have a direct result on COVID-19 but on associated co-occurring infections or sepsis. Further studies are needed to address these factors.

Another possible prevention strategy has been linked to Vitamin D deficiency. Vitamin D deficiency is common amongst minority ethnic groups in the UK. For instance, one study found that 42.2% of South Asians and 12.5% of Black African-Caribbeans had severe Vitamin D deficiency.[@bib0019] Observational studies have demonstrated that there is a correlation with low serum of Vitamin D and the incidence of acute respiratory tract infections (ARTIs).[@bib0020] ^,^ [@bib0021] In an extensive review conducted by Grant et al., it was suggested that Vitamin D supplementation may have a role in reducing the risk of COVID-19 infections.[@bib0020]

The role of vitamin D in the modulation of the innate and adaptive immune responses is well documented in literature. Vitamin D helps maintain tight junctions, enhances cellular innate immunity via induction of antimicrobial peptides and reduces production of pro-inflammatory cytokines.[@bib0022]

However, there is a lack of agreement between observational studies and RCT in the role of Vitamin D in reducing incidence and severity of ARTIs.[@bib0021] More clinical studies are needed to substantiate the benefits of micronutrient supplementation against COVID-19 infection.

Underlying health conditions {#sec0006}
----------------------------

Black, Asian and Minority Ethnics (BAME) communities are prone to higher rates of cardiovascular disease (CVD) such as hypertension, diabetes and are subject to adverse healthcare disparities than their white counterparts. Multiple studies have confirmed that the most common co-morbidities associated with severe cases of COVID-19 are hypertension, diabetes and cardiovascular disease (CVD).[@bib0023] ^,^ [@bib0024]

It is still unclear if uncontrolled hypertension is a risk factor for contracting COVID-19, though it is undisputed that good blood pressure control would relieve the disease burden. In those of African-Caribbean descent, their hypertension is likely to be more severe and treatment resistant compared to their white counterparts.[@bib0025] Moreover, south Asians have a higher incidence of coronary heart disease,[@bib0026] which is considered a high-risk group for COVID-19.

It is well documented that ethnic minorities have a higher prevalence of diabetes than non-minority individuals. In previous pandemics, diabetes independent risk factor for complications and mortality.[@bib0027] The presence of diabetes tripled the risk of hospitalization and quadrupled the risk of ICU admission during the H1N1 outbreak in 2009.[@bib0028] Hyperglycaemia and insulin resistance promotes a pro-inflammatory response, which may lead to a higher propensity to infections.[@bib0039] This metabolic inflammatory state also predisposes them to an enhanced release of cytokines, which is implicated with multi-organ failure in severe COVID-19 cases.[@bib0030] Patients with poorly controlled diabetes also have a compromised immune response,[@bib0029] ^,^ [@bib0030] which may prolong the recovery and impair the healing process.

The relationship between ethnicity and renal disease has been studied extensively. In the US, ethnic minorities are 1.5-4 times more at greater risk of end stage renal failure at rates than those of their white counterparts.[@bib0031] Chronic Kidney Disease (CKD) is a common complication of both diabetes and hypertension, therefore it is important to consider its implications with COVID-19. Pooled data of 4 studies found CKD to be a significant clinical predictor of severe COVID-19.[@bib0032] These patients have a pro-inflammatory state with functional defects in their immune system that leaves them at a higher risk for URTIs and Pneumonia.[@bib0032] ^,^ [@bib0033]

Patients with pre-existing CKD will be at increased risk of AKI, which is associated with an increased risk of in-hospital mortality.[@bib0033] AKI in COVID-19 appears to be accompanied with multi-organ failure and shock. Patients with elevated baseline serum creatinine on admission had a higher risk of deterioration and mortality, therefore careful monitoring of kidney function should be emphasized.[@bib0033]

Cultural and socioeconomic factors {#sec0007}
==================================

Evidence published from past pandemics proves that ethnic minorities are disproportionately affected, and experience worse health outcomes compared to other groups. Poor health outcomes may be due to limited access to healthcare, poor living conditions, and educational and linguistic obstacles in adopting preventative measures.[@bib0034]

The English House Survey published by the UK government shows that overcrowding affects 11% of Asian households, including 30% of Bangladeshi households, and 15% Black African households, compared with 2% of white households in the UK.[@bib0035] Whereas,white British households are the least likely to be overcrowded, in comparison to all other ethnic groups. The culture of multi-generational living within some Black, Asian and minority ethnic (BAME) communities' results in overcrowding, thereby placing the elderly and those with comorbidities at risk. These disadvantages collectively make it more challenging for COVID-19 social distancing measures to work.

Moreover, Africans are at a higher risk of receiving later and more indigent healthcare compared to other ethnic groups. A pandemic at the magnitude of COVID-19, with severe economic crises, can further hamper the delivery and availability of healthcare.[@bib0036] Studies from A/H1N1 influenza suggest that despite people from ethnic minorities express greater intention to make behavioural changes in response to recommendations and adopt protective behaviours, barriers exist which prevent this from translating into health-seeking action.[@bib0037] ^,^ [@bib0038]

Ethnic minority communities are also more likely to be socioeconomically disadvantaged than white communities. Evidence from the 2009 A/H1N1 influenza pandemic showed poor antiviral uptake in areas with higher levels of deprivation, hence following the inverse care law. This seemed to have contributed to the disproportionately high morbidity in minority groups.[@bib0038]

A large proportion of BAME communities rank poorly in socioeconomic indicators of poverty and deprivation. Reasons attributed may be long-standing structural inequalities, institutional racism relating to housing, immigration and social welfare support. These members living under the federal poverty line are at risk due to inability to stockpile food, pay for utilities, shelter, and transportation. Furthermore, their financial conditions worsen if they are unable to work while complying with isolation measures.[@bib0039]

The lack of financial resources, diversity of belief, distrust of medical professionals, research, lack of tailored and culturally appropriate education and limited inclusion of minorities while planning for a pandemic prove disadvantageous to people belonging to BAME groups.[@bib0040]

Non-native English speakers in hospitals face linguistic disparities due to lack of assistance in translation usually provided by family members, further leading to feelings of anxiety and stress. A vast majority of ethnic minorities work in the service-sector and rely on public transport for their travel. Studies conducted in the US have shown that minorities account for 63% of public transport users, making this a possible source of disparity in exposure.[@bib0036]

Studies suggest that in order to reduce the occurrence of such discrepancies, culturally competent and low literacy pre-pandemic educational and communication materials should be made available with useful messages.[@bib0040]

Future direction {#sec0008}
================

Further research is needed to better understand the disproportionate impact that coronavirus has on BAME communities. Data on the ethnicity and outcomes of patients diagnosed with COVID-19 needs to be routinely collected by governments as part of an international data set alongside other patient demographics. Clear evidence on association between ethnicity and outcome in COVID-19 is important for regions where the pandemic is at an earlier stage and can help with implementation of appropriate public health policies to mitigate adverse outcomes following risk-analysis.

Moreover, future and ongoing genome and association analysis studies, to identify protective or susceptible DNA variants, need to record ethnicity of participants. This is important to determine the strength of any genetic predisposition to the susceptibility of serious cases of coronavirus on BAME communities. Moreover, further research is needed to determine if vitamin D deficiency factors in COVID-19 susceptibility, incidence progression and outcomes. Results of such studies can be factored into governments' COVID-19 forward planning policies, such as vitamin D supplementation for at risk groups.

Governments must ensure they now learn from previous pandemics and undertake suggested measures to protect ethnic minority communities and mitigate the socioeconomic, cultural, educational, and linguistic barriers to adoption of pandemic interventions.[@bib0041] ^,^ [@bib0042] Governments and policy makers should consistently engage with ethnic minority populations, their service providers, and trusted community leaders to effectively communicate information about pandemic status, affected communities, risks and recommended actions.

Conclusion {#sec0009}
==========

We call for data on ethnicity to be routinely collected by governments, as part of international collaboration, alongside other patient demographics and further research to robustly determine magnitude of association. Moreover, governments must learn from previous pandemics and recommended strategies to mitigate risks on minority ethnicities due to socioeconomic disadvantages.
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